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Method and apparatus for calibrating a print head, print head, and printer 



(57) An apparatus and method Iof correcting print- 
ing characteristics of a fulWIne printnead. and producing 
a high-printing quality printnead at high manufacturing 
yield* a corrected printnead by this apparatus, and a 
printer employing this printnead. According to this meth- 
od, an Image is printed on a-printing medium by using 
double putees obtained baeeii.cn fluctuation qf resist-- 
ance of each pf Imlng unit of a prtrithead, and a reference . J 
OD value is determined fronrvan OD value histogram of. 
the primed image. A preheating pulse width is selected, ..; 
based on OD values of n printed images obtained by • • 
changing the preheating pulse width n times and the ret- 7 : 
orence OD value, such thai an OD value on each print- . '•; 
ing element is equal or close to the reference OD value.. •; 
For example, assuming that the reference value is 6.43, 
a preheating pulse width on printing element No. 3 is 
0.875 p sec. 
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Description 

BACKGROUND OF INVENTION 

This invention relate© to a method and apparatus 
tor correcting a printhead, a printhead corrected by this 
apparatus, and a printing apparatus using this print- 
head. More particularly, the invention relates to a meth- 
od and apparatus for correcting, by way of example, a 
full-line printhead equipped with a pluraJfty or printing el- 
ements corresponding to the printing widlh of a record- 
ing medium, a printhead corrected by this apparatus, 
and a printing apparatus using this printhead. 

A printer or.,the printing section of a copying ma- 
chine or facsimile macnfno Is so adapted as to print an 
image, which comprises a dot pattern, on a recording 
medium such as a -paper, a thin plastic sheet or fabric 
based upon image information. 

Among these printing apparatus, those which are 
the focus of attention because of their low cost are 
mounted with printhead a that rely upon the Ink-jet meth- 
od. Ihe thermosansttlve-transfer method or the UsD 
method, etc., In which a plurality of printing elements 
corresponding to dots are arrayed on a base. 

In a printhead In which these printing elements are 
arrayed to correspond to a certain printing width, the 
printing elements can be lormed through a process elnv 
liar to a semiconductor manufacturing process. Accord- 
ingly, a transition is now being made from a configura- 
tion in which the printhead and driving Integrated circuit- 
ry are arranged separately of each other to an Integrated 
assembled configuration in which the driving Integrated 
circuitry is structurally Integrated within the same base 
on which the printing elements are arrayed. 

As a resutt, complicated circuitry involved in driving 
the printhead can be avoided and the printing apparatus 
can be reduced In size arid cost 

Among these typos of printing methods, the Ink-Jet 
printing method is particularly advantageous. Specifi- 
cally, according to this method, thermal energy is made 
to act upon Ink and the ink is discharged by utilizing the 
pressure produced by foaming. This method Is advan- 
tageous in that the response to a printing signal is good 
and it is easy to group the orifices close together at a 
high density. There are greater expectations for this 
method In comparison with the other methods. 

When the printhead is manufactured by applying a 
semiconductor manufacturing process and, in particu- 
lar, when numerous printing elements that are to be 
mads to correspond to the printing width are arrayed 
over tho entire area of a base, it is very difficult to man- 
ufacture all of the printing elements without any defects. 
As a consequence, the iTtanufacturing yield of the proc- 
ess for manufacturing the printhead is poor and this is 
accompanied by higher cost. There are occasions 
where such a printhead cannot be put into practical use 
because of the costs involved. 

Accordingly, methods of obtaining a full-line print- 



heed have been disclosed in the specifications of Jap- 
anese Patent Application LaicMDpen (KOKAI) Mos. 
55-132253, 2-2009. 4-22927B. 4-232749 and 5-24192 
and in the specification of USP No. 5,016,023. Accord- 

5 ing to these methods, a number of high-yield printheads 
each having an array of printing elements of a compar- 
atively small number of orifices, e.g., 32, 48, $4 or 128 
printing elements, are placed upon (or upon/below) a 
single base at a high precision in conformity with tho 

io density of the array of printing elements, thereby provid- 
ing a f uJMine printhead Whoso length corresponds to the 
necessary printing width. 

It has recently become possible on the basis of this 
technique to simply manufacture a full-line printhead by 

»s arraying printing elements of a comparatively email 
number (e.g., 64 or 128) of orifices on bases (also re- 
ferred to as "printing units' 1 ) and bonding these printing 
units in a row on a base plate in highly precise fashion 
over a length corresponding to ihe necessary printing 

« width. 

Though it has thus become easy to manufacture a 
full-line printhead, certain performance-related prob- 
lems remain with regard to a printhead manufactured by 
the foregoing manufacturing method' For example, a 

6 decline in printing quality, such as density unoyonnoss, 
cannot be avoided. The cause is a variation tn perform- 
ance from one printing unit (base) to another in the row 
of such printing units, a variation in the performance of 

. neighboring printing elements between the arrayed 

so printing units and heat retained in each driving block at 
the time of printing. 

In particular. In the case of an ink-Jot printhead, not 
onty a variation In the neighboring printing elements be- 
lween the arrayed printing units but also a decline in sik 

35 fluidity owing to the gaps between printing units results 
In tower yield In the final stage of the printhead manu- 
facturing process. For this reason, the state of the art is 
• such that these printheads are not readily available on 
the market In largo quantities regardless of (he fact 

40 these printheads exhibit highly satisfactory capabilities. 
as disclosed In Japanese Patent Application No. 
6-34658 (U S. Patent Application No. OB/397,352), 
there is a method of correcting the unevenness in the 
• density of a printhead by measuring dot diameter and 
.. correcting unevenness based upon the resutts of meas- 
urement, as a means of correcting density unevenness 
In the printhead. However, It is still necessary to improve 
reproducibility of printed dots. For example, when one 
line of printing has boon performed, the characteristics 

&o of the printed dots change subtly on the next line, over 
the next several dozen Bnes and over tho next several 
hundred lines. (This is known as 'fluctuation" from dot 
to dot.) Since a specific phenomenon (dot diameter) 
which incorporates this fluctuation is employed as infor- 

55 matron regarding density unevenness, satisfactory re- 
sults are not obtained with a single correction. In order 
to acquire the desired Image quality, it is required that 
printed dot data from several measurements bo ac- 
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quired to perform the correction, in a cabo where elec- 
trical energy is converted to thermal energy in conform* 
ity with correction data, energy which la larger than usual 
is applied to the printing elements that exhibit a low den- 
sity. Thus, rt is highly desirable to further improve relia- 
bility In terms of the durability of the printhead. 

furthermore, there & another conventional method 
such as a prediction method using an OD value, or pre- 
dicting density unovennesa from the fluctuation of dot 
diameter data acquired in printhead manufacturing 
process and employing it as correction data. However, 
a good correlation between printhead performance and 
the correction data does not always exist according to 
these methods. Thus, accurate density correction is not 
always ensured. 

SUMMARY OF THE INVENTION 

Accordingly, ft id an object of the present invention 
to provide an apparatus for enauredty performing den- 
sity uneyennese correction on printing characteristics of 
a printhead without heavy load on the printhead. and 
producing a printhead in low-cost and high manufactur- 
ing yield. 

According to one aspect of the present Invention, 
the foregoing object is attained by providing an appara- 
tus for corroding printing characteristics o! a prinfriead 
having- a . plurality of printing elements and memory 
means tor storing data, comprising: first printing means 
for applying n signals to the printhead. and experimen- 
tally printing a first printing pattern on a recording medi- 
um n times using the printhead; selecting means for se- 
lecting one of «' signals In units of a predetermined 
number of printing elements in such a manner that the 
printed imago density is equal or close to a reference 
density, based on n printed first printing patterns; and 
transmitting means tor transmitting the characteristics 
of the Gignal selected by the selecting means as correc- 
tion data to the memory means of the printhead. 

It is another object of the present invention to pro- 
vide a method of ansuredly performing density uneven- 
ness correction on priming characteristics of a printhead 
without heavy load on the printhead. and producing a 
printhead in low-cost and high manufacturing yield. 

According to another aspect of the present inven- 
tion, the foregoing object is attained by providing a meth- 
od of correcting printing characteristics of a pfinthead 
having a plurality of printing elements and a memory unit 
tor storing data, comprising: a first printing step of ap- 
plying n signals to the printheadv and experimentally 
printing a first printing pattern on a record rig medium n 
times using the printhead; a selecting step of selecting 
one of n signals in units of a predetermined number of 
printing elements in such a manner that the printed im- 
age density te equal or close to a reference density, 
based on n printed first printing patterns: and a trans- 
mitting step of transmitting the characteristics of the sig- 
nal selected in the selecting step as correction data to 



tho memory unit of the printhead. 

H is sllll another object of the present invention to 
provide a printhead capable of ensu redly correcting 
density unavennoss without heavy load on the printhead 

6 at low-cost and high manufacturing yield. 

According to still another aspect of tho present in- 
vention, the foregoing object is attained by providing a 
printhead corrected by the above-mentioned apparatus. 
H iB still another object of the present invention to 

10 provide a printing apparatus using the above printhead. 
According to still another aspect of the present in- 
vention, tho foregoing object is attained by providing a 
printing apparatus using the above-mentioned print- 
head, comprising: receiving means for receiving the cor- 
rection data from the printhead, generating means 
which, on the baste of the correction data, generates a 
control signal for controlling operation of drive means, 
included in the printhead, for driving a plurality of printing 
elements in such a manner that the plurality erf printing 

2Q elements form uniform pixels; and transmitting means 
for transmitting tha control signal to the printhead. 

In accordance with an apparatus provided by tho 
present Invention as described above, the apparatus 
applies n signals to a printhead including a plurality ol 

26 printing elements and memory means capable of storing 
information, experimental fy print* a first printing pattern 
n times, selects one of n signals in units of a predeter- 
mined numhor of printing elements, based on the den- 
sity distribution of the printed first printing patterns such 

30 that the density Of the printed image is equal or close to 
a reference density; and transmits the characterislics of 
the selected signal as correction data to the memory 
means of the printhead. 

•vjn.accordance with a printing apparatus employing 

35 .the pfinthead corrected by the above apparatus provid- 
ed by the present invention as described above, the 
printing apparatus receives correction data stored in 
memory means of a printhead, generates a control sig- 
nal to control an operation of driving means equipped 

40 with the printhead, based on the correction data so that 
each of a plurality of printing elements of the printhead 
can form uniform pixels, and transmits the control signal 
to tho printhead. 

The present invention is particularly advantageous 

45 since printing characteristics of a printhead can be oas- 
Hy corrected so that printing quality such as density un- 
. evenness can not be deteriorated. This results in pro- 
ducing a printhead at tow-cost and high manufacturing 
yield. 

so Particularly, in a case where a printing is made on 
a recording medium such as a cobr fitter and the printing 
result is road by some apparatuses, density uneven- 
nose on each of printing elements has to be taken into 
consideration. Thus, the present invention is very ad- 
vantageous since density correction can bo performed 
on each of the printing elements, 

Additionally, a printing apparatus employing tho 
corrected printhead as described above can perform 
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high quality printing for each of pixels without density 
unovonness. 

Other features and advantages of the present in- 
vention will be apparent from the following description 
taken In conjunct ion with the accompanying drawings, 
fn which like reference characters designate the same 
or eimUar parte throughout the figures thereof. 

BRI^R pESCRIPTIQN OF THE DRAWINGS 

* * 

The accompanying drawings, which are incorporate 
od in and constitute a part of the specification, illustrate 
embodiments of the invention and, together with the de- 
scription, serve to explain the principles of the invention. 

Fig. t is a general view of a fulHirte Ink-jet printer, 
which is a typical embodiment of the present inven- 
tion; 

. Fig. .S is a btocK diagram showing a control conflg* 
Juration tor executing control of printing in the ink-jet 
.printer; 

Fig. 3 is a block diagram showing the construction 
of a printhead correction apparatus according to 
this embodiment; 

Fig, 4 is a perspective view showing the construc- 
tion of the printhead correction apparatus; 
Fig. 5 b a flowchart showing the operation of the 
printhead correction apparatus; 
Fig. 6 is a diagram illustrating a lest pattern used in 
this embodiment lor correcting density; 
Fig. 7 is a diagram showing double pulse widths on 
each printing unit to prin\ a reference pattern; 
Fig. 8 is a diagram showing an OD value on each 
printing element obtained from various printed tost 
patterns in accordance wilh variation of a preheat- 
ing pulse width; 

Fig. 9 is a histogram on OD values obtained from 
printing results of a reference pattern; 
Fig. 1 0 rs an exploded perspective view for describ- 
ing the construction of a printhead according to the 
present invention; 

Fig. 11 is a detailed view showing heater boards ar- 
ranged side by side; 

Figs. 1 2A, 1 2B, 1 2C and 1 2D illustrate the shape of 
a grooved member, 

Fig. 1 3 Is a diagram showing the grooved member 
and heater boards in a fixed state; 
Fig. 14 is a diagram showing an example of the cir- 
cuit arrangement 04 a drive ckcuK provided on the 
heater board for the printhead: 
Fig. 15 is a block diagram showing a murtipte-nozzto 
head constituted by an array of a plurality of heater 
boards: 

Fig. 16 is a diagram showing an example of control 
of driving current wavefonns for driving the printing 
elements; 

Fig. 17 is a diagram showing the relationship be* 
twean an OD value and preheating pulses; 
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Fig. 18 Is a diagram showing driving current wave- 
forms for driving the printing elements of this em- 
bodiment; and 

Fig. 19 is a diagram showing the relationship bo- 
s tweeh an OD value and interval time, 

DESCRIPTION OF THE PREFERRED. 
EMBODIMENTS 

10 Preferred embodiments of the present invention will 
now bo deschbed in detail in accordance with the ac- 
companying drawings. 

Fig. 1 is an external perspective view showing the 
principal portions of an Inkjet printer IJRA. which is a 

t£ typfoai embodiment of the present invention. As shown 
^ Fig; 1 , the printer has a printhead (a fulMength multi- 
ple printhead) IJH arranged along a range of full width 
of recording paper (a continuous sheet) P. The printhead 
IJH discharges ink over a range extending across the 

20 fult width of the recording paper P. The ink is discharged 
toward the recording paper P from an orifice IT of the 
printhead at a prescribed timing. 

In this embodiment, the continuous sheet of folda- 
bio recording paper P is conveyed in the direction V3 in 

*s Fig. i by driving a conveying motor under the control of 
a control circuit, described, below. An image is printed 
on the recording paper The printer in Fig. 1 further in- 
cludes sheet feeding rollers 501 8 and discharge rollers 
S019. The discharge roller© 5019 cooperate with the 

30 sheet feeding rollers 501 8 to hold the continuous sheet 
of recording paper P at the printing position and operate 
in association with the sheet feeding rofters 5018, which 
are driven by a drive motor (not shown), to feed the re- 
cording paper P in th© direction of arrow VS. 

as Fig. 2 is a btock diagram illustrating the construction 
of the control circuit of the ink-jet primer. Shown in Fig. 
2are an interface 1 700 for entering a printing signal from 
an external device such as a host computer, an MPU 
1701 , a ROM 1702 for storing a control program (inclu* 

40 stve of character fonts as necessary) executed by the 
MPU 1 701 . a ORAM 1 703 for temporarily saving various 
data (the above-mentioned pmttng signal and printing 
data that is supplied to the prirrthoad), and a gate array 
(QA) 1704 for controlling supply of printing data to the 

*s printhead 1JH The gate array 1 704 also controls trans- 
fer of data among the interface 1700, MPU 1701 and 
RAM 1703. Also shown are a conveyance motor 1708 
for conveying recording paper (the continuous sheet in 
this embodiment), a head driver 1705 for driving the 

so printhead, and a motor driver 1706 for driving the con- 
veyance motor 17QB. 

As for the general operation of the above-men- 
tioned control circuit, the priming signal enters the inter- 
face 1700. whereupon the printing signal is converted 

ss to printing data for printing betweon the gate array 1 704 
and MPU 1 701 . The motor driver 1 706 is driven Into op- 
eration and the printhead IJH is driven In accordance 
with the printing data sent to the head driver 1705. As a 
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result, a priming operation ie carried out. 

Numeral 1711 denotes a signal line tor monitoring 
sensors (e.g., a heating-resistor sensor 314 and a tem- 
perature sensor 31 5. which are shown tn Fig. 1 4) of each 
board, and for transmitting correction data from a mem- 
ory 13 (described later) storing correction data which 
corrects for a variation in each board (heater board 
1000. described later) provided within thepnhihead UH. 
Numeral 1712 denotes a signal lino tor carrying preheat- 
ing pulses, latch signals and heating pulses. On the ba- 
sis of the correction data Irom the memory 1 3 in the 
printhead UH, the MPU 1701 sends the primhead WH 
a control signal via the signal line 1 7 1 2 rh such a manner 
that the boards are capable c4 forming uniform p&efs. 
" " Fig. 3 is a block diagram iff ust rating the construction 
of the printhead correction apparatus of this embodi- 
ment. An 1/0 interface 2 interfaces the CPU 1 with the 
various controllers of the apparatus. An image procos* 
aor 3 uses a CCD camera 4 to read the printing dot pat- 
tern on a recording medium placed upon a paper feed- 
ing stage 5 and convene the dot dianieter and density 
unevenness of the dot pattern to pixel values. When the 
dot data Corresponding to all printing elements, of the 
printhead UH is sent from the image processor 3 to the 
CPU 1 , the latter operates upon the dot data, sends den* 
sity correction data to a driving signal controile r 7 in con- 
formity wfth a drive signal for driving the prfnthoad UH 
$nd causes a memory controller 6 to develop the density 
correction data. 

An image data controller 6 outputs s dot pattern to 
foe recorded to the printhead UK. The com roller 6 trans- 
mits a density correction drive signal while sending a 
synchronizing signal to the drive signal controller 7 not 
only at the time of ordinary printing but also when the 
density correction data has been determined. The CPU 
1 manages a head voltage controller 9 which controls 
the driving voltage of the printhead UH and manages a 
stage/papor-feed controHer 11 for controlling the opera- 
tion ot 0>e paper feeding stage 5. thereby setting a prop- 
er drive voltage and oontroll ing stage movement and pa- 
per feed. Furthermore, a head data detector 10 is an 
Important component which feeds back, for the purpose 
ot density correction, the characteristics ot each board 
(printing unit) 1000 (see fig. 10) within the printhead 
UH. 

In the printhead IJH which, by way of example, is 
composed of a row of a plurality boards 1 000 on which 
64 or 128 printing elements have been disposed, it is 
not Known Irom which portions of a silicon wafer or the 
like the boards 1000 have been cut. Accordingly, there 
are cases in which the characteristics differ from one 
board to another. 

in such case, a rank detecting resistor element RH 
having a surface resistivity (UrO) identical with that of 
the printing element is provided in each board 1000 in 
order that all printheads can perform printing at an uni- 
form density. There are also cases in which a semicon- 
ductor element capable of monitoring a change in tem- 



perature is provided for each board 1 000. The head data 
detector 10 monitors Ihese elements. When the head 
data detector 10 sends data obtained by monitoring 
these elements to the CPU 1 , the tatler generates cor- 

* 'roction data, which is for correcting the data that drives 
each Of the boards 1000, In such a manner that each 
board 1000 in the printhead can print at a uniform den- 
sity. The rank mentioned here is a parameter obtained 
by quantifying the characteristics of each board 1000 

10 The parameter is expressed by a function ot a surface 
• reslsWrty (il/P). 

When the above-mentioned correction data is re- 
flected in each controller of the printhead correction ap- 
paratus, the printing operation by the printhead UH is 

ts executed under these condiltone. tn the correcting ap- 
paratus, the results of printing are again subjected to 
image processing by the CCD camera 4 and image 
processor 3, and the memory controller 8 writes the final 
cor roction data in the memory 13 (a non-volatile mem- 

20 ory such as an EEPROM) at a stage at which the pre- 
. determined criteria of the printhead is satisfied 

Fig. 4 is an. external perspective view showing the 
construction the printhead correction apparatus, and 
Rg'. 5 Is a flowchart illustrating the operation of ma ap- 

2$ • paratue. Operation will now be described with reference 
to Figs. 4 and 5. In this embodiment, the following two 
correction processings will be described: (1) a case 
where correction is made in units of four dots by gener- 
. ^lihg density unevenness data every tour dots; and (2) 

so a case where correction is made in unit of one cot by 
generating density unevenness data every dot. 

(1) Correction processing In units of four pots 

When the printhead UH is inserted into a slot of a 
securing tabto 50. the CPU 1 operates the table 50 and 
fixes the printhead UH to the table 50 in such a manner 
that the printhead IJH can perform printing at a normal 
position. At the same time, electrical contact is made 
40 with the printhead UH, and an ink supply device 52 is 
connected to the printhead UH (step S2). Next, in order 
to measure the rank of the printhead UH. the surface 
resistivity (llO) OT the substrate 1000 is monitored (step 
S4). 

4& m the case of a full-line printhead unit, tho surface 
resistivity (Q/TJ) of each block (of each board in a case 
whera the block Is constituted by an array of a plurality 
of boards) is monitored, driving power is decided sepa- 
rately for each board and a test pattern ie printed {step 
&> 59). As preprocessing lor printing the test pattern, pre- 
liminary discharge (aging) is carried out until the opera- 
tion of the printhead UH stabilizes to enable stable prim- 
ing by tho prinlhaad. Aging ie performed on an aging 
troy Juxtaposed on a head recovery processor 54. and 
ss recovery processing (ink suction, cleaning of orifice sur- 
faces, etc.) is executed fn such a manner thai tho lest 
pattern can be printed normally. When a test patio m is 
thus printed, the result of printing \s moved to the posi- 
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tion of the CCD camera 4 and of the Imago processor 
3, where the result of printing is subjected to imago 
processing by these components and compared with 
parameters tor printing evaluation. Processing is exe- 
cuted white taking the items mentioned below Into ac- 
count in relation to density unevenness of printing ele- 
ments. Density unevennesa is a parameter that can be 
improved. 

Oenafty unevenness of an image is produced by a 
difference in relative density contrast in printing per- 
formed by printing elements. The smaller the conirast, 
the lees noticeable density unevenness is to the eye. 
Wheri printing elements which produce a high-density 
printing are concentrated somewhat closely together in 
space, the occurrence of density unevenness becomes 
apparent 

When the limit on visual discriminating ability is put 
into the form of a formula from the viewpoint of density 
unevenness, the following relation is obtained Irom ex- 
periment: 

AOD = 0.02X AVd 

{where Vd is the amount of ink discharge.) This equation 
shows that a disparity in amount of discharge of 1 ~ 4 
pi (ptcollters) resutts in a change of 0.02 - 0.08 in terms 
of the OD value. In an actual image, density unovenness 
results from a collection of printing dots causing varia- 
tion. If a difference in amount of Ink discharge on the 
order of 4 pi occurs between mutually adjacent printing 
elements, a fairly targe- difference in contrast Is pro- 
duced between these printing elements. However, in 
case bf a printing density on the order of 300 ~ 600 dpi, 
it is impossible for the human eye to compare density 
unevenness between mutually adjacent dote in dot 
unite. 

When the discriminating limit Of the human eye With 
respect to density unevenness In an image is taken into 
account, density unevenness data near the discriminat- 
ing ability of the human eye can be created by (1) per- 
forming a density unevenness correction in units of sev- 
eral dots (two to eight pixels, depending upon printing 
density); and (2) increasing the number of events ol Im- 
age processing (the number of events per printed dot or 
the number of events in a group of printed dots) (16 ~ 
1024 dots). 

A procedure for creating such density unevenness 
data will now be described in detail 

Fig. 6 illustrates an example of an image pattern 
read by a CCD camera or the like. In Fig. 6, a dot pattern 
having a 60% duly is formed and a dot pattern of 32 dots 
x 32 dots is allocated to the screen area of the CCD 
camera. In Fig. 6, A and B are areas of 4 x 32 dote each. 
In this embodiment each one is one event. Further, C 
and D in Fig. 6 are disposed as markers for image-rec- 
ognition of the dot pattern of 32 X 32 dots. 

Lot n represent the first dot road. The area A con- 
stituting one event Is composed of a collection of 32 bits 
in the y direction (the direction in which the recording 



medium is conveyed) from n to n+3 in the X direction 
(the column direction of the printing elements). Eight 
similar areas are produced In an image memory (not 
shown), and binartalng processing is performed in each 

s area in accordance with the number of "black" or •while" 
pixels in the area and a predetermined threshold value. 
II should be noted that an optimum value obtained ex- 
perimentally is used as the threshold value. As the result 
of this binarizing processing, density unevenness data 

io 1$ obtained for every four dots in the x direction. 

Further, adopting the absolute density (the total 
number of black pixels) in each area as the density un- 
evenness data also is effective. 

Furthermore, an Image having an area correspond- 

's ing to more than 100 dots per one nozzle of a printing 
element can be read in and processed by an image 
scanner, wherein the dot pattern has the 60% duty 
shown in Fig. 6, and the processed results can bo used 
as the density unevenness data. 

20 since an event number of more than 1 00 dots ( 1 00 
printing operations) per nozzle is obtained with (his 
method, a subtle fluctuation in dot diameter m relation 
to the y direction is averaged. When density uneven- 
ness Is cfiscriminaled by the human eye. the fluctuation 

2& in the y direction is not very noticeable. However, when 
the number of events is small, the density unevenness 
does not become density unevenness that can be visu- 
ally recognized by the human eye and is not appropriate 
as density unevenness data. The reason is that the data 

30 does not become statistical data that is moanlnglul to 
the extent that it can be visually discerned by the human 
eye. If density unevenness data in dot units is obtained 
In the x direction, several dots of the data can be coh 
tested and adopted as density unevenness data In this 

35 case an arrangement may be adopted in which it is pos- 
sible to externally set the number of dot units, in order 
to create correction data in units of four dots, as men- 
tioned above, the density unevenness data in units of 
tour dots in the x direction may be averaged. 

40 The density unevenness data thus obtained does 
not have a complicated structure and can be processed 
in a short period of time in both a printhoad manufactur- 
ing apparatus and a printer. 

Wfth regard to the density unevenness data every 

4$ four dots obtained as described above, the same data 
is provided for every four nozzles of the printing. 

When density unevenness data Is thus obtained, 
how each element is to be corrected is decided based 
upon this data. For example, in a case whore the driving 

60 power of each printing element of the printhoad is de- 
cided by pulse width> driving pulse-width data applied to 
an integrated circuit for driving the prinlhead is selected. 
As will be described iater P hi a case where the pulse- 
width control circuit of the driving integrated circuit 

ss makes a selection from several pulse widths, the MAX, 
MiN of the pulse width selected are decided and a pulse 
width between those values is set based upon the res- 
olution allowed. The pulse width is set so as to correct 
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the printing density of each element In conformity with 
the Image processing data, and the pulse width is made 
to correspond to each printing element, whereby it is 
possible to average the printing densities of the print- 
head unit. The foregoing ie repeated unta the above-de- 
scribed processing is finished. When this occurs, the re* 
suiting data is stored in the memory 1 3. This processing 
is carried out at steps SS ~ S12 in Fig. 5. 

Note that this embodiments can reduce the number 
of testing performed until it is determined at step 68 that 
the testing is OK, compared to the above-mentioned 
Japanese Patent Application No. 6-34S58 (U.S. Patent 
Application No. 08/397.352 filed on March 2, 1995). 

(2) Correction processing in unit of one doi 

The above described density unevenness data is 
generated in units of four dole along with the arrayed 
direction of printing elements In such a manner that the 
data indicates significant density unevenness in view of 
human eye's discriminating ability. However, not in a 
case where an image printed on a paper is visually con- 
firmed by human eyes, but in a case where the Image 
printed on another type of recording medium such as a 
cotor fitter is read or recognized by'an apparatus, density 
qnovennese for each dot greatly Influences the image 
quality. 

in such a case, it is necessary to correct image den- 
sity un evenness for each dot. The following description 
is directed to a processing for correcting image density 
unevonnesa for each dot, using a preheating pulse width 
in double pulse width control for a pririthead as a cor- 
rection parameter, assuming that the printhead is a type 
in which one of n pre-hoat poise widths can be selected 
for each of printing elements arrayed along a line. 

Note that the processing corresponds to step 54 *■ 
Si 0 of the flowchart shown in Fig. 5. 

First, at step 34, the surface resistivity (fid) of each 
Unit (substrate 1000) of the printhead is monitored as 
described above, applied currant duration (sum of pre- 
heating putso width and main heat pulse wktth) corre- 
sponding to each surface reststivity is calculated based 
on fluctuation of the monitored surface resistivity for 
each of M arrayed printing units. This calculation is ba- 
sically obtained from result of simulation on printing el- 
ements. Since the printhoad is constituted by M arrayed 
printing units, an averaged current duration is obtained 
for M printing.units. The value of multiplying the ob- 
tained average by a (0 sS a <l)is a preheating pulse 
width used for obtaining a reference OD value to be de- 
scribed below. Note that this preheat putso width is 
commonly used for each printing unit. 

Fig 7 is a diagram showing an applied current du- 
ration for each printing unit, a preheating pufee width 
common to each printing unit, and double pulses to be 
applied to each printing unit. These listed applied cur- 
rent durations are taken the characteristics of the print- 
head into consideration. Note that the value of a is em- 
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pirteatly obtained from double pulse control on a print- 
head. 

Next, at step S6, the printhoad correction apparatus 
prints (a) a reference pattern using the double pulses 

5 shown in Fig. 7, and <b) a tost pattern for density cor- 
rection on a recording medium, using a printhead to be 
corrected. These patterns are printed in unite of approx- 
imately 100 dots along with the conveyance direction of 
the recording medium (y direction) so as to average very 

io subtle fluctuation of each nozzle of the printhead. per- 
forming double pufeo widths control on the prinlhead. 
These printing are repeated n times, changing a pre- 
heating pulse width. 

Note that the above reference and test pattern are 
printed after the printing operation of the prinlhead to be 
corrected is stabilized. 

At step S3, tho CCD camera 4 reads the printed ref - 
erence and test patterns, image-processes them, and 
converts them into OD values, 

20 Fig. 8 is a table showing OD values, which are ob- 
tained from the imago processing on the above printed 
and read test patterns, for each printing element and ap- 
plied prehoaiing. pulse width. Particularly, Fig. 8 shows 
OD values for each printing element in a case where a 

s* preheating pulse width varies from 0.875 u, sec to 2.0 m- 
sec by 0.12& p. sec and tho printing operation ie per- 
formed 10 times (n=10). tils understood from Fig. 8 that 
thou^i the preheating pulse width is constant, the OD 
value fluctuates over each printing element, 

00 In this embodiment, an optimum value is selected 
from n preheating pulse widths for each printing element 
as a correction parameter so as to eliminate density un- 
even" ess. The optimum value is selected in such a 
manner that an OD value is equal or close to a reference 

35 OD value, (described below). For example, it the refer- 
ence OD value Is 0.43. the preheating pulse width as a 
correction parameter For each printing element is select- 
ed in such a mariner that a value indicated as * in Fig. 
8 is selected. If density unevenness is performed using 

so me correction parameter thus selscted, the OD value 
for each printing element becomes nearly constant. As 
a result of this, density unevenness ts eliminated. Tho 
number shown in tho lowest column of Fig. 6 is a value 
identifying a selected correction parameter for each 
printing element. 

Now, we obtain the histogram over the OD values, 
based on the OD values obtained from the printed ref- 
erence patterns. Rg. 9 is an example of a histogram on 
OD vaJues from the retoronco pattern. Then, wo can ob» 

so tain a reference OD value, based on the statistically 
processed histogram. The reference OD value may be 
the maximum, minimum, median, moans, mode, disper- 
sion from the mode value, or the like in the histogram, 
tn other words, it can be said that the reference OD value 

55 is obtained according to the histogram on OD values 
from the printed reference pattern reflecting tho charac- 
teristics of the printhead. Note that a correction term (•«-£) 
reflecting fluctuation of quality of a printhead to another 
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in a production lot may be added to the obtained refer- 
ence OD value euch as the moans value. Regardless of 
whether the above correction term te added or not, the 
reference OD value obtained from the state! leal 
processing on the printed reference patterns always re- 
flects the characteristics (fluctuation of surface resistiv- 
ity (or each printing unit) of the printhoad to be corrected. 

As described above, Fig. B merely refers to the case 
where the number ot printing operation is 10(*n). It goes 
without saying that ihe greater ihe value of n becomes, 
the more complicated the construction of a correction 
circuit in a printhoad becomes. Thus, in order to reduce 
density unevenness and produce a high-quality print- 
head in fow-cost, it is important to keep n minimum as 
much as poseibfe. Generally speaking, density uneven- 
ness is visually identified in a case where the difference 
of OD values between neighbouring dots is great, tt is 
empirically or experimental confirmed that the differ- 
ence is ohon a difference between a Gaussian distribu- 
tion which approximates a histogram on OD values, ob- 
tained from printing results of the roference pattern, for 
each dot, and an OD value greatly deviated from the 
Gaussian distribution. 

Thus, in the histogram on OO values from the ref- 
erence pattern as shown in Fig. S, even though the value 
of n is small, e.g. n=4< il a correction parameter causing 
a greatly deviated OD value to bo adjusted to the ref er- 
ence OO value is provided, density unevenneae correc- 
tion can be sufficiently attained It goes without saying 
that, even though the value of n is small, further density 
unevenness correction can be achieved under the con- 
dition that there is very few greatly-deviated OO values 
in the histogram on OD values from the reference pat- 
tern, that fe, a prlnthead whose characteristics shows 
tees density unovemteee is used. 

The above described correction according to this 
embodiment, compared to a method of prodictivery cor- 
recting density unevenness based on fluctuation data 
obtained from printhoad manufacturing and inspecting 
process, can moro accurately perform correction since 
the correction is based on actual printing by a prlnthead. 

Fig. 1 0 is an exptoded perspective view for describ- 
ing the construction of the printhoad of this embodiment. 
In this example, a case is described In which the printing 
elements are elements for generating ink-discharge en- 
ergy used to Jot ink. (In a bubble-jet printing method, 
each element Comprises a pair of electrodes end a heal- 
ing resistor efement provided between those elec- 
trodes). 

In accordance with the method described below, the 
full-line prlnthead, which is fau itlessly fabricated over its 
entire width by a conventional photolithography proc- 
ess or the like, is obtained at a very high yield. Moreover, 
a single, unitaiy grooved member having a plurality ot 
ink discharge orifices termed in one end and a plurality 
of grooves connected to these orifices and formed in the 
grooved member from one end to the other is joined to 
this printhoad in euch a manner that tho grooves are 



closed by Ihe boards, whereby a full-line, ink-jet print- 
head unit can be corrected in a vory simple manner. 

the ink-jet printhead described in this embodiment 
has ink discharge orifice© at a density of 360 dpi (70.5 
$ ujii). the number of nozzles thereof being 5008 fjor a 
printing width of 212 mm). 

In Fig. 10, the board (hereinafter referred to as a 
heater board) 1000 has 128 discharge-energy generat- 
ing devices 1010 arranged at proscribed positions at a 
io density of SCO dpi. Each heater board 1 000 is provided 
with a signal pad to drive me discharge-energy gener- 
ating devices 1010 at any timing by externally applied 
electric signals, and with a power pad 1020 for supplying 
an electric power for the driving. 

The row of the heater boards 1 000 is fixedly bonded 
by a bonding agent to the surface of a base plate 3000 
made of a material such as metal or ceramic. 

Fig. 11 is a detailed view showing the heater boards 
1000 in the arrayed state. The heater boards are fixedly 
20 bonded to a prescribed location on the base plate 3000 
by a bonding agent 3010 applied to a prescribed thick- 
ness. At this time each heater board 1000 Is fixedly 
bonded in precise fashion in such a manner that the 
spacing or pitch between the discharge-energy gener- 
ic ating devices 1010 situated at the respective edges of 
two mutually adjacent healer boards will be equal to the 
spacing or pitch P 70.S urn) of the discharge-energy 
. .generating devices 1010 on each heater board 1000. 
Further, the gaps produced between adjacent heater 
2o boards 1 ooo are filled and sealed by a sealant 3020. 

Wkh reference again to Fig. 10, a wiring board 4000 
is fixedly bonded to the base plate 3000 in the same 
manner as the heater boards. At this time the wiring 
board 4000 is bonded to Ihe base plate 3000 in a state 
3$ in which the pads 1020 on the heater boards 1000 are 
in close proximity to signal-power supply pads 4010 pro- 
vided on the wiring board 4000. A connector 4020 for 
receiving a printDng signal and driving power from the 
outside is provided on the wiring board 4000- 
40 a grooved member 2000 will now be described. 

" Figs. 12A ~ 12D are diagrams showing the shape 
of the grooved member 2000. Fig. 1 ZA Is a front view in 
which the grooved member 2000 is soon from the front, 
F|g. 128 a top view in which Fig. 12A is seen from the 
top, Fig. 12C a bottom view in which Fig. 12A is eeen 
from the bottom, and Fig. 12D a sectional view taken 
along line X-X of Fig. 12 A. 

In Figs. 12A ~ 12D, the grooved member 2000 Is 
shown to have a flow pass 2020 provided to correspond 
so to each discharge-energy generating element 1010 pro- 
vided in the heater board 1000, an orifice 2030 corre- 
sponding to each flow pass 2020 and communicating 
with the flow pass 2020 for discharging Ink toward the 
recording medium, a liquid chamber 2010 communicat- 
es ing with each flow pass 2020 in order to supply it with 
Ink, and an ink supply port 2040 for feeding ink. which 
has boon supplied from an ink tank (not shown), to the 
liquid chamber 20 f 0. The grooved member 2000 natu- 
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rally is formed to have a length large enough to substan- 
tially cover the row of discharge-energy generating de- 
Vices arranged toy lining up a plurality of the heater 
boards 1000. 

With reference again to Fig. 10, the grooved mem- 
ber 2000 is joined to the healer boards 1000 In a state 
In which the positions of the flow pass 2020 of the 
grooved member 2000 are made to exactly coincide 
with ihe positions of the discharge-energy generating el- 
ements (heaters) 1O1O on. the heater boards 1000 ar- 
ranged in a row on the base piato 3000. 

Conceivable methods ol joining the grooved mem- 
ber 2000 are a method in which the grooved member is 
pushed in mechanically using springs or the like, a meth- 
od in which ihe grooved member 2000 is fixed by a 
bonding agom, and a method which is a combination of 
these methods. 

The grooved member 2000 and each of the heater 
boards 1000 are secured In the relationship shown in 
Fig. 1 3 by any of these methods. 

The grooved member 2000 described above can be 
manufactured using well -Known methods such as ma- 
chining by cutting, a mowing method, casting or a meth- 
od relying upon photolithography. 

Fig. 14 shows an example of drive circuitry provided 
on the healer board 1000 of the printhead. Numeral 100 
denotes a base, 101 a iogic block for selecting preheat- 
ing pulses, 303 a latch tor temporarily storing image da- 
ta, 102 a setectlon-data saving latch, having the same 
circuit arrangement as the latch 303, for selecting pre- 
heating pulses, and 103 an OR gate for taking the OR 
ot heating pulses and preheating pulses. 

The operation of this drive circuitry wilt now be de- 
scribed In line with a driving sequence. 

After power Is introduced from a logic power source 
309, preheating pulses are selected dependence upon 
the characteristic of the amount of ink discharged (per 
application ot a pulse at a fixed temperature). The char- 
acteristic is measured in advance. Data or each noZzle 
(the data Is identical for one or tour nozzie(s)) Tor select- 
ing the preheating pulses in dependence upon the 
aforesaid characteristic is saved in the selection-data 
saving latch 102 using a shift register 904 tor entering 
image data serially, Since shared use Is made of the shift 
register 304 for entering image data, it will suffice merely 
to increase the number of latch circuits and latch the 
outputs of the shift register 304 as input signals in par- 
allel fashion, as shown at pointsa. in Fig. 14. This makes 
it possible to prevent an increase in the surface area of 
the elements other than that of the latch circuits. Further. 
In a case where the number ot preheating putees is in- 
creased and the number of bits necessary for selection 
of the number of pulses 6urpa6se& the number of bits of 
the shift register 304. this can readily be dealt with if the 
latch 102 is made plural in number and a latch-clock in- 
put terminal 108 which decides latching is made plural 
in number, as shown at 108a- I08h. It will suffice if the 
saving of data for selection of the preheating pulses is 



performed on© time, such as when the printer is started 
up. The image-data transler sequence wilt be performed 
exactly the same as conventionally even it this function 
is incorporated. Furthermore* an arrangement may be 

$ adopted in which the number of bits in logic block 101 
and in the selection-data saving latch 102 is made one- 
fourth, the preheating pulses are selected in units of four 
nozzles and are supplied in units of four nozzles. 
Entry ol healing signals wil) now bo described as a 

10 sequence wrth follows completion of the storing of saved 
data representing Iho amount of ink discharge, for se- 
lection of preheating pulses. 

A characterizing feature of this board is that a heal- 
ing Input terminal 1 08 and a plurality of preheating Input 

is terminate 107a — I07h. which are used for changing the 
amount of ink discharged, are separately provided- 
First, a signal from the heating-resistor monitor 314 is 
fed back and a heating signal having a pulse width ot 
an energy suited to discharge of ink in dependence upon 

*c the value of feedback is applied to the heating input ter- 
minal 106 from Ihe side of the printing apparatus. Next, 
the pulse width and timing of each of the plurality of pre- 
heating signals are changed in dependence upon the 
value from the temperature sensor 315 and. at the same 

2s ums, preheating signals are applied from the plurality ot 
preheating pulse terminals 1 07a ~ 107h in such a man- 
ner that 1he amount of ink discharged will vary under 
.fixed temperature conditions. Thus, 3 a selection is 
made to deal with a factor other than temperature, 

30 namely a Change in the amount of ink discharge of each 
nozzle, the amount of Ink discharge can bo rendered 
constant to eliminate unevennese and blurring. One of 
Ihe plurality of preheating pulses thus entered is select- 
ed in dependence upon selection data saved in advance 

36 in the preheat selection togic block {latch} 102, Nexi, an 
AND signal between the image data and heating signal 
is OR-od with a seise led preheating pulse by the OR 
gate 103, and the resulting signal drives a power tran- 
sistor 302, thereby passing an electric current through 

*e the heater 1 01 0 to discharge Ink. 

Shown In Fig, 14 ere an input signal input terminal 
104> a clock input terminal 105, a latch signal input ter- 
minal 307, a ground terminal 310, a power-eupply volt- 
age input terminal 311 tor healing purposes, an output 

4$ tormina! 312 for heating-re Bistor monitoring data, and 
an output terminal 313 tor data indicating the tempera- 
ture inside the printhead. 

Reference will be had to Fig. 1 5 to describe the con- 
struction ot a multiple-nozzle head constituted by a plu- 

&> rallty of the heater boards 1 000 arranged in a row. There 
are m-number of boards in the row and a total of n- 
number of nozzles. The description will focus on nozzles 
1, 100 of board 1 and nozzle 150 of board 2. 

As shown in Fig. 16, assume that the amounts of 

SS ink discharged by nozzles 1 , 1 00 and 1 50 are 36 pi, 40 
pi and 40 pi, respectively, at application of a constant 
pulse width at a constant temperature. In such case, se- 
lection data having a level such that the amount of ink 
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discharged will be greater for nozzle 1 than for nozzles 
100, 150 te set In the selection -data saving latch. Since 
it is known from resistance sensors 1 . 2 that 200 U is 
the heating-resistance value of board 1 and that 210 ft 
is the heatlng-rasistance value of board 2, as shown in 
Fig. 1 8. the pulse width applied to board 2 is made larger 
than that applied to board 1 so that the introduced power 
wBI be rendered uniform. Fig. IS illustrates driving cur- 
rent waveforms applied under these conditions. It will 
be understood that the preheating pulse of nozzle 1 
which discharges a small amount of ink has a pulse 
width larger than thai of the preheating pulses tornoz- 
2Jes 100 and 1$0 (t1«a2). Further, the heating pulse 
width t4 Is larger than t3 (I4>t3), in Fig. 16. tS represents 
the pulse width for minimum power needed to foam the 
ink and cause the ink droplets to be discharged from the 
nozzles. The following relationships hold: 11, t2 < 15 and 
tS. t4>tS. 

Thus, the preheating pulses are changed under 
conditions In which the relatione ti < t2; tl . 12 < ts hoid 
w&h respect to a change in the temperature of the board 
during drive. As a result, the amount of ink discharged 
from each nozzle during actual drive can be made AO pi 
at ait times. This makes \\ possible to achieve high-qual- 
ity printing without unevenness and blurring. Further- 
more, with regard to the heating pulses exhibiting a high 
power, the pulse width Is adjusted in dependence upon 
the resistance value of the board, whereby a constant 
power applied without waste. Thie contributes to a 
longer service life tor the printhead. 

Fig. 17 Illustrates a change in OD value In a case 
where the preheating pulses are changed. 

in a case where there is a very largo density une- 
venness between nozzles (e.g., a case where the 
amount of ink discharge of nozzle 200 at a constant 
pulse width and temperature is 32 pi, which is 20% lass 
than the amount of ink discharge of nozzles 100 and 
150, as shown In Fig. 18) 4 the preheating pulses fluctu- 
ate by more than O.ShSCC from the usual value, depend- 
ing upon the particular case, owing to the correction. For 
example, if a drive pulse which is equfvalont to a single 
heating pulse Is on the order of 4 usee, a pulse which is 
approximately 16% longer than U3Ual is applied to a 
printing element discharging ink which represents a low 
density. This has the effect of shortening the Servlise life 
of the printhead. Further, when the change in a heating 
pulse is large, the change In the OD value also becomes 
very large, as shown in Fig. 17. 

Accordingly, In thie embodiment, an interval (re- 
ferred to as a quiescent Interval) In which healing pulses 
are not applied is provided between preheating and 
main heating of the printhead, as shown in Fig. 18, 
thereby changing the printing density. As a result there 
Is no shortening in the life of the printhead. Fig. 1 9 Hlue- 
trates a change in the OD value rn a case whore the 
preheating pulse width and main heating pulse width are 
fixed and the quiescent Interval is changed. 

As a result, If emphasis is placed upon a change In 



the quiescent interval and a printed dot which cannot be 
corrected within the range of this change ts corrected 
utilizing the preheating pulses as well, then a large 
change in energy need not be applied to the printing ol« 
s ements of the printhead, the life of the printhead can bo 
extended and the quality of a printing image can be im- 
proved. 

In this embodiment, the application of drive pulses 
differs from that shown In Fig. 15 with regard particularly 

io to nozzle 1 and nozzle 200. as shown In Fig. 18. With 
regard to nozzle t, density is somewhat tower in com- 
parison with nozzles 1 00 and 150 <the amount of reduc- 
tion in ink discharge ts 10%). Therefore, the quiescent 
interval is made sHghtly longer (to) in comparison with 

« that (t7) for nozzles 100 and 150. On the other hand, 
with regard to nozzle 200, there Is a very large difference 
in density in comparison with nozzles 100 and 150 (the 
amount of reduction in Ink discharge is 20%). Therefore, 
While the interval time is lengthened (t6} : the preheating 

20 pulse width is stretched (12) in comparison with the heal * 
ing pulse width (U) of nozzles 1. 1 00 and 1 SO to correct 
the amount in ink discharge. If this arrangement is 
adopted, a correction of density unevenness can be 
achieved without applying a large change in energy to 

*s the printing elements of the printhead. 

Thus, in accordance With the present embodiment, 
the dots of prescribed pattern data, which have been 
printed by a priMhead. are gathered together in a pro- 
scribed plurality of areas per each nozzle (printing ete- 

ao ment) of the printhead upon taking Into account the vis- 
uatdiscrimlnatlng ability of the human eye, and Informa- 
tion obtained from the plurality of areas can bo applied 
as density unevenness data. As a result, a variation in 
dot-to^dot diameter which exceeds the visual dlscrlmi- 

$S natjng ability of the human eye is no longer cfiscemed 
as density unevenness, In comparison with a case In 
which the dot diameter of each dot Is discerned as den- 
sity unevenness, information capable of accurate den- 
sity correction can be supplied more rapidly (or each 

40 printing element. As a result, & is possible to perform 
more rapid entry of fine correction data adapted to each 
printing element in the final stage of the printhead man- 
ufacturing process. 

Furthermore, in a case where the amount of ink per 

4S printing operation discharged from each nozzle of tho 
printhead Is adjusted using the correction data obtained, 
the width of the quiescent interval between a preheating 
pulse and a main heating pulse is adjusted along with 
the pulse widths of those pulses. As a result, even H the 

so amount of ink discharge fluctuates widely between noz- 
zles under conditions of a constant pulse width or con- 
stant temperature, control can be performed so as to 
equalize the amount of Ink discharge from one nozzle 
to the next without lengthening pulse width to such an 
extent that the printhead wtfl be subjected to an abnor- 
mally large load. This makes it possible to prolong the 
life of the printhead while attaining a high image quality. 
Furthermore, In a case whore density unevenness 
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for each dot Is ol significance, a correction parameter 
(preheating pulse width) for density correction is select- 
ed for each nozzle (pr inting element), based on a refer- 
ence OO value obtained by taking characteristics of 
each printing unit of a printhead into consideration, in 
such a manner that an OD value becomes equal or close 
to the reference OO value, and control is made in such 
a manner that an appropriate preheating pulse io ap- 
plied to. As a reauH, density correction is more accurate- 
ly performed, taking priming characteristics of a print- 
head. 

In the description set forth above, it Is mentioned 
that the preheating pulses are selected on the board. 
However, this does not impose a limitation upon the in- 
vention. For example, the density correction may bo per- 
formed by changing the width of the main heating pulses 
usfng a counter or the like. 

Furthermore, il goes without saying that the present 
invention may be applied to effect a density correction 
if the board is such that control of the driving power of 
each printing element is possible. The same density cor- 
rection can be performed even if the printhead has a 
construction different from that described. 

In iho description given above, it is described that 
the control unit on the side of the printing apparatus con- 
trols the printing operation of the printhead on the basis 
of correction data that has been stored in a memory 
wfthin the printhead. However, an arrangement may be 
adopted in which such a control unit is provided within 
the printhead, 

Though a f ulMins printer has been taken as an ex- 
ample in the description given above, the invention is 
not limited to such a printer. For example, in a serial 
printer of the type in which printing Is performed by mov- 
ing a printhead mounted on a carriage, the invention is 
appiieable to an arrangement in which the printing is car* 
ried out by a number ol nozzles arrayed in a row In the 
direction In which the recording paper is conveyed. Also, 
this invention is applicable to another type ol printhead 
such as an ink jet printhead. thermal printhead or LED 
printhead. 

It goes without saying that equivalent effects are ob- 
tained even if there is a diff eronce in the method of set- 
ting the driving power o* each of the printing elements 

of the printhead. 

Each of the embodiments described above has ex- 
emplified a printer, which comprises moans (e.g., an 
eleclrothermal transducer, laser beam gonorator. and 
the like) for ganerating hoat energy as energy utilized 
upon execution of ink discharge, and causes a change 
in state of an ink by the heat energy, among the ink-jet 
printers. According to this Ink-jet printer and printing 
method, a high-density, high-precision printing opera- 
tion can be attained. 

As the typical arrangement and principle of the ink- 
jet printing eyetem, one practiced by use ol the basic 
principle disclosed in, for example, U.S. Patent Nos. 
4,723,129 and 4,740,796 is preferable. The above sys- 
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tern is applicable to either one of so-called an on-de- 
mand typo and a continuous typo. Particularly, in the 
case of the on-demand type, the system is effective bo- 
cause, by applying at least one driving signal, which cor- 

5 responds to printing information and gives a rapid tem- 
perature rise exceeding film boiling, to each of electro- 
thermal transducers arranged in correspondence with a 
sheet or liquid channels holding a liquid (ink), heat en- 
ergy Is generated by the eleclrothermal transducer to 

io effect film boiling on the heat acting surface of the print- 
head, and consequently, a bubble can be formed in the 
liquid (ink) tn one-to-one correspondence with the driv- 
ing ctgnaf. By discharging the liquid (ink) through a dis- 
charge opening by growth and shrinkage of the bubble, 

r* at feast one droplet is formed. If the driving signal Is ap- 
plied as a pulse signal, the growth and shrinkage of the 
bubble can be attained instantly and adequately to 
achieve discharge of the liquid (ink) with the particularly 
high response characteristics. 

As the pulse driving signal, signals disclosed In U. 
8. Patent Nos. 4,463,359 and 4,345,262 are suitable. 
Note that further excellent printing can be performed by 
using The conditions described in U.S. Patent No. 
4,313,124 of the Invention which relates Id the temper- 
as ature rise rate of the heat acting surface. 

As an arrangement of the printhead, in addition to 
the arrangement as a combination of discharge nozzles, 
liquid channels, and electrothermal transducers (linoar 
liquid channel* or right angle liquid channels) as dis- 

$0 closed in the above specifications, the arrangement us- 
ing U.S.. Patent Noa. 4,556,333 and 4.459,600, Which 
disclose the arrangement having a heat acting portion 
arranged in a flexed region Is also included In tho 
present invention. In addition, the present frivantlon can 

as be eff ectrvefy applied to an arrangement based on Jap- 
anese Patent LatdOpen No. 59-123670 which disclos- 
es tho arrangement using a slot common to a plurality 
of electrothermal transducers as a discharge portion ol 
the electrothermal transducers, or Japanese Patent 

40 LaidOpen No. 59-1 38461 which discloses tho arrange- 
ment having an opening for absorbing a ^r&^wfo wavo 
of heat energy in correspondence with a discharge por- 
tion, 

Furthermore, as a full lino type printhead having a 
45 longm corresponding to the width of a maximum printing 
medium which can be printed by the printer, either tho 
arrangement which satisfies the f utMine length by com- 
bining a plurality of printheads as disclosed in the above 
specification or the arrangement as a single prtnthoad 
obtained by forming printheads integrally can be used. 

in addition, not only an exchangeable chip typo 
pnnf head, which can be eloctrioally connected to the ap- 
paratus main unit and can receive an Ink from the ap- 
paratus main unit upon being mounted on the apparatus 
£s main unit but also a cartridge type printhead in which an 
ink tank Is integrally arranged on the prlnihesd itsell can 
be applicable to the present invention. 

It is preferable to add recovery mesne for the print - 
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head, preliminary auxiliary means, and Ihe like provided 
as an arrangement of the printer of the present invention 
since the printing operation can be further stabilized. Ex- 
amples of such means include, for the pHnthead, cap- 
ping means, cleaning means, press urizat ion or suction 
means, and preliminary heating means using electro- 
thermal transducers* another healing element, or a 
combination thereof. It is also effective for stable printing 
to provide a preliminary discharge mode which performs, 
discharge Independently of printing. 

Furthermore, as a printing mode of Ihe printer, not 

only a printing mode using only a primary color such as 
black or the like, but also at least one of a multi-color 
mode using a plurality of different Colors or a tulkJolor 
mode achieved by color mixing can be implemented in 
the printer either by using an integrated printhead or by 
combining a plurality of printhoads. 

Moreover, m each of the above-mentioned embod- 
iments of the present invention, It is assumed that the 
ink is a liquid. Alternatively, the present invention may 
employ an ink which i&solid at room temperature or less 
and softens or liquefies at room temperature, or an ink 
which liquefies upon application of a use printftg signal, 
since it is a general practice to perform temperature con- 
trol of the ink itself within a range from 30 °C to 70 9 C 
In the ink-Jet system, so that the ink viscosity can faft 
within a stable discharge range. 

in addition, in order to prevent a temperature rise 
caused by heat energy by positively utilizing it as energy 

for causing a change in state of the ink from a solid state 
to a liquid stale, or to prevent evaporation of the Ink, an 
ink which ie solid in a non-use state and liquofios upon 
heatlngmay be used. In any case, an ink which liquefies 
upon application of heat energy according to a printing 
signal and is discharged in a liquid stale, an ink which 
begins to solidify when it reaches a printing medium, or 
the like, is applicable to the present invention, fn the 
present invention, the above-mentioned film boiling sys- 
tem is most effective for the above-mentioned inks. 

In addition, the ink-jet printer of the present inven- 
tion may be used in the form of a copying machine com- 
bined with a reader, and the like, or a facsimile appara- 
tus having a transmission/reception function in addition 
loan imago output terminal of an Information processing 
equipment such as a computer 

The present invention can be applied to a system 
constituted by a plurality of devices, or to an apparatus 
comprising a single device. Furthermore, 11 goes without 
saying that the invention is applicable also to a case 
where the object of the invention is attained by supplying 
a program to a system or apparatus. 

As many apparently widely different embodiments 
of the present Invention can be made without departing 
from the spirit and scope thereof, H is to be understood 
that the invention is not limited to the specific embodi- 
ments thereof except as defined in the appended 
claims. 



Claims 

1, An apparatus for correcting printing characteristics 
. of a prtnthead (UH) having a plurality of printing et- 
B ements (1 01 0) and memory means (1 3) for storing 
data, characterized by comprising: 

fret priming means (8, ?)for applying n signals 
to the pr'mthead (IJH), and experimentally print- 
T0 ing a first printing pattern on a recording modi* 

um n times using the printhoad (UH); 
selecting means (t) Tor selecting one of n sig- 
nals in units of a predetermined number of print- 
ing elements in such a manner that the printed 
>5 imago density is equal. or close to a reference 

density, based on n printed first printing pat- 
terns: and 

transmitting means (8) for transmitting the char- 
acteristics of the signal selected by said select- 
20 • ing means as correction data to the memory 

means (13) of the prtnthead (UH). 

* ■ * 

2 : The apparatus according to claim 1, further com- 
■ * prising: 

ss 

characteristics acquiring means (1 0) for acquir- 
ing electrical characteristics of the prtnthead 
(UH); 

calculation means (1) for calculating character- 
s' istics of an electric current pulse to be applied 
to tho printhoad (I JH) so as to perform priming 
operation, based on the electrical characteris- 
tics: 

second printing means (6. 7)for experimentally 
55 printing a, second printing pattern on a record- 

ing medium, using the printhoad (t JH) by apply- 
' brig a reference signal to the prtnthead (UH): 
and 

density acquiring means (3) for acquiring the 
40 reference density based on the density distri- 

bution ct the second printing pattern printed on 
the recording rnocUvm. 

3. The apparatus according to claim 2, wherein the 
45 electric characteristics acquired by said character- 
istics acquiring means (10) is characteristics of re- 
sistance. 

4. The apparatus according to claim 2, wherein said 
so density acquiring moans (3) statistically processes 

the density distribution of the second printing pat- 
tern, and regards the maximum, minimum, median, 
means, mode, or value deviated by the variance 
from ihe mode In the donstty distribution, as the rot- 
as erence density. 

5. The apparatus according to claim 1 . wherein said 
first printing means (6. 7) changes a preheating 
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pulse width in doubt© pulse width control by a 
minute amount n times, and pefloiro printing oper- 
ation n limes, using the preheating pulse obtained 
by the change. 

6. The apparatus according to claim 1 , wherein said 
selecting mean* (1 ) selects a signal based on result 
01 statistically processing n images of the flrsl print- 
ing pattern. 

7. The apparatus according to claim 1, wherein the 
predetermined number of printing elements is one. 

8. The apparatus according, to claim 1, wherein the 
predetenmined number of priming elements is more 
than one. 

9. A printhead (UH) corrected by the apparatus 
claimed Hi claim 1. 

10. The prtnthead (UH) according to claim 9. further 
comprising: 

input means (104) lor externally entering print- 
ing data; and 

drive moans (302) lor driving the plurality of 
printing elements (1010) based upon the print- 
ing data entered by said input means (104). 

....... 

11. The printhead (UH) according to claim 9, wherein 
the memory means (13) includes art E€PROM. 

12. The printhead.. (I JH) according to claim 9,. wherein 
the plurality of printing elements (7010) is N in 
number, and circuit boards (1000) having re- 
number of printing elements are arrayed Irt'a line, 
the number of saW circuit boards being N/M. 

13. The printhead (I JH) according to ctaim 9, wherein 
tho printhead is an ink-jet printhead which performs 
printing by discharging ink. 

14. The printhead (UH) according to claim 9, wherein 
the printhead discharge* Ink by Utilizing, thermal en- 
ergy; the printhead having a thermal energy trans- 
ducer for generating thermal energy applied to the 
ink. 

15. A printing apparatus (URA) using mo printhead 
(UH) claimed In claim a characterized by compris- 
ing: 

receiving means for receiving thB correction da- 
ta from the printhesd; 

generating moans (1701) which, on the basis 
of the correction data, generates a control sig- 
nal for controlling operation of drive means 
(302), included in the printhead, for driving the 



s 



plurality of printing elements (101 0) in such a 
manner that the plurality of printing otomome 
(1010) form uniform pixels; and 
transmitting means for transmitting the control 
signal to the printhead. 

1 6. The apparatus (URA) according to claim 1 5. where- 
in the printhead (UH) is an ink-jet printhead which 
performs printing by discharging ink. 
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17. The apparatus (URA) according to claim 1 5, where- 
in the printhead (UH) discharges ink by utilizing 
thermal energy, the printhead having a thermal en- 
ergy transducer tor generating thermal energy ap- 

>s plied to the ink. 

1 8. The apparatus (URA) according to ctaim 1 5, where- 
in the printhead (UH) is a full-line printhead, whose 
printing width is approximately the same as that ol 

so a recording medium. 

19. The apparatus (UH) according to claim 18, further 
comprising conveyance means (1708) lor convey- 
ing the recording medium in a direction porpendk?- 

z$ utar to the printing direction of tho printhead (UH). 

20. The apparatus according to claim 19, wherein tho 
recording medium conveyed by said conveyance 
means is a continuous sheet of paper (P). 
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21. A . method of correcting printing characteristics of a 
prmtboad (UH) having a plurality of printing elo- 

• .. mentsand:amer?v3tyunit (13) lor stcfing data, said 
method characterized by comprising:' 

.... , . • •• * » 

" 'aftrst printing sted (S6) of applying h signals to 

the printhead (UH), and ©xperirnenla&y printing 
a first printing pattern on a recording medium n 
times using the printhead (UH); 
a selecting step (S10) of selecting one of n sig- 
nals in unite of a predator mined number of print- 
ing elements (1010) in such a manner that the 
printed image density is equal or close to a ref- 
erence density, based on n printed first printing 
patterns: and 

a transmitting step (SI 2) of transmitting the 
characteristics ol the signal selected In said se- 
lecting step (S10) as correction data to the 
memory unit (13) of tho printhead (UH). 

22, The method according to claim 21 , further compris- 
ing: 

a characteristics acquiring step of acquiring 
electrical characteristics of tho printhead (UH); 
a calculation step of calculating characteristics 
of an electric current pulse to be applied to the 
printhead (UH) so ae to perform printing oper- 
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at ion, based on the electrical characteristics; 
a second printing step (S6) of experimentally 
printing a second printing panem on a record- 
ing medium, using the printhead (UH) by apply- 
ing a reference signal to the printhead (IJH); 
and 

a density acquiring step of acquiring the refer- 
ence density based on the density distribution 
of the second printing pattern printed on the re- 
cordffig medium. 



70 



23. An apparatus or method for determining, control- 
ling, modifying or correcting print characteristics of 
a print head, wherein a test pattern Is printed a 
number ol times and control modiriciation or cor- 
rection data for the print head is determined from 
the one of test patterns having a characteristic or 
characteristics, for example printed (mage density, 
most doeoly matching a reference characteristic or 
characteristics. 

24. A print head corrected or modified by apparatus in 
accordance whh any one of claims 1 to 9 or a meth- 
od in accordance with claim 21 of 22 or a printing 
apparatus or method using such a print head 
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BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SH)ES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

£2PLINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



